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BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates generally to direct oxidation fuel cell systems, and more 
particularly, to enclosures for such systems. 

5 Background Information 

Fuel cells are devices in which an electrochemical reaction is used to generate 
electricity. A variety of materials may be suited for use as a fuel depending upon the 
materials chosen for the components of the cell. Organic materials, such as methanol or 
natural gas, are attractive choices for fuel due to the their high specific energy. 

10 Fuel cell systems may be divided into "reformer-based" systems (i.e., those in 

which the fuel is processed in some fashion to extract hydrogen from the fuel before it is 
introduced into the fuel cell system) or "direct oxidation" systems in which the fuel is fed 
directly into the cell without the need for separate internal or external processing. Most 
stationary fuel cells are reformer-based fuel cell systems. However, because fuel proc- 

15 essing is expensive and requires significant volume, reformer-based systems are presently 
limited to comparatively high power applications. 

Direct oxidation fuel cell systems may be better suited for applications in smaller 
mobile devices (e.g., mobile phones, handheld and laptop computers), as well as in some 
larger applications. Typically, in direct oxidation fuel cells, a carbonaceous liquid fuel in 

20 an aqueous solution (typically aqueous methanol) is applied to the anode face of a mem- 
brane electrode assembly (MEA). The MEA contains a protonically-conductive, but 
electronically non-conductive membrane (PCM). A catalyst or mixture of catalysts, 
which enable direct oxidation of the fuel on the anode, is disposed on the surface of the 
PCM (or is otherwise present in the anode chamber of the fuel cell). Upon the comple- 

25 tion of a circuit, protons (from hydrogen in the fuel and water molecules involved in the 
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anodic reaction) are separated from the electrons. Diffusion layers are typically in con- 
tact with each of the catalyzed anode and cathode faces of the PCM to facilitate the intro- 
duction of reactants and removal of products of the reaction from the PCM, and also 
serve to conduct electrons. The protons migrate through the PCM, which is impermeable 
to the electrons. The electrons thus seek a different path to reunite with the protons and 
oxygen molecules involved in the cathodic reaction and travel through a load, providing 
electrical power. 

One example of a direct oxidation fuel cell system is a direct methanol fuel cell 
system or DMFC system. In a DMFC system, methanol or an aqueous methanol solu- 
tion is used as fuel (the "fuel mixture 55 ), and oxygen, preferably from ambient air, is used 
as the oxidizing agent. There are two half reactions that occur in a DMFC which allow a 
DMFC system to provide electricity to power consuming devices: the anodic disassocia- 
tion of the methanol and water fuel mixture into C0 2 , protons, and electrons; and the ca- 
thodic combination of protons, electrons and oxygen into water. The overall reaction 
may be limited by the failure of either of these reactions to proceed to completion at an 
acceptable rate (more specifically, failure to oxidize the fuel mixture will limit the ca- 
thodic generation of water, and vice versa). 

Fuel cells and fuel cell systems have been the subject of intensified recent devel- 
opment because of their ability to efficiently convert the energy in carbonaceous fuels 
into electric power while emitting comparatively low levels of environmentally harmful 
substances. The adaptation of fuel cell systems to mobile uses, however, is not straight- 
forward because of the technical difficulties associated with reforming most carbona- 
ceous fuels in a simple, cost effective manner, and within acceptable form factors and 
volume limits. Further, a safe and efficient storage means for substantially pure hydro- 
gen (which is a gas under the relevant operating conditions) presents a challenge because 
hydrogen gas must be stored at high pressure and at cryogenic temperatures or in heavy 
adsorption matrices in order to achieve useful energy densities. It has been found, how- 
ever, that a compact means for storing hydrogen is in a hydrogen rich compound with 
relatively weak chemical bonds, such as methanol or an aqueous methanol solution (and 
to a lesser extent, ethanol, propane, butane and other carbonaceous liquids or aqueous 
solutions thereof). In particular, DMFCs are being developed for commercial production 
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for use in portable electronic devices. Thus, the DMFC system, including the fuel cell, 
and the balance of the system components are ideally fabricated using materials that op- 
timize the electricity-generating reactions, and which are also cost effective. Further- 
more, the manufacturing process associated with those materials should not be prohibi- 
tive in terms of labor intensity cost. 

As noted, typical DMFC systems include a fuel source, fluid and effluent man- 
agement systems, and a direct methanol fuel cell ("fuel cell"), and a means by which any 
electricity generated can be collected and delivered to a load. The fuel cell typically con- 
sists of a housing, and a membrane electrode assembly ("MEA") disposed within the 
housing. A typical MEA includes a centrally disposed protonically conductive, elec- 
tronically non-conductive membrane ("PCM"). By way of example, a commercially 
available PCM is Nafion ® a registered trademark of E.I. Dupont de Nemours and Com- 
pany, a cation exchange membrane based on perflouorocarbon polymers with side chain 
termini of perflourosulfonic acid groups, in a variety of thicknesses and equivalent 
weight. While the invention herein is described using one particular architecture of a rep- 
resentative fuel cell system, it is within the scope of the invention that the invention is 
equally applicable to fuel cell systems other than that described herein. For example, 
there are other electrolytes available that are well known in the art, including, but not 
limited to those with liquid (including encapsulated liquid) or "gel" electrolyte-based 
systems. The present invention is readily adaptable for use with a wide variety of fuel 
cells, with particular application to microfuel cells used for smaller devices due to its size 
and space-saving advantages, as discussed herein. 

The PCM is typically coated on each face with an electrocatalyst such as plati- 
num, or platinum/ruthenium mixtures or alloy particles. On either face of the catalyst 
coated PCM, a MEA typically includes a diffusion layer. The diffusion layer functions to 
evenly distribute the liquid fuel mixture across the anode in the case of the fuel, or the 
gaseous oxygen from air or other source across the cathode face of the PCM, and pro- 
vides electron conductivity to allow the system to provide power to the power consuming 
application. In addition, flow field plates are often placed on the surface of the diffusion 
layers that are not in contact with the coated PCM. The flow field plates function to pro- 
vide mass transport of the reactants and byproducts of the electrochemical reactions, and 
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have a current collection functionality in that the flow field plates act to collect and con- 
duct electrons through the load. Those skilled in the art will recognize that it is possible 
in some circumstances to use a metal screen or other conductive mesh as a current col- 
lector, rather than flow field plates, in order to minimize the volume consumed by these 
5 components. 

As noted, one expected use for the direct oxidation fuel cell is to power small 
handheld and portable electronic devices. Such devices must conform to strict form fac- 
tors, and consequently, a power supply unit for such devices must conform to those strict 
form factors. Thus, the power supply unit must be relatively small, and be capable of 
10 powering the device for sufficiently long periods of time without interruption. The fuel 
cell system is preferably in close mechanical contact with the application to which power 
is being supplied, to ensure that proper electrical and mechanical contact is established 
and maintained. 

It is desirable to contain any leaks that may occur within the fuel cell system, in- 

15 eluding but not limited to leaks of fuel or water within the system that may occur within 
the system in order to minimize the negative effects of such a leak on the portable power 
application. It is further preferable to have an indication that a leak has occurred, in order 
to notify the user that a leak has occurred and have the fuel cell system replaced or re- 
paired. Thus, it is preferable to provide a direct oxidation fuel cell system that is well- 

20 sealed against leakage of the fuel solution, or water onto the device being powered by the 
cell or into the environment. It is also preferred that evidence of a potential leak will be 
provided, while the fuel cell system remains substantially sealed. 

Furthermore, it is also desirable to provide protection for the fuel cell itself 
against airborne environmental contaminants, such as dust and other particulate matter, 

25 and further to prevent loss of reactants. However, current packaging for maintaining the 
integrity of the fuel cell system can be bulky plastics that can be expected to consume 
approximately 15-30% of the overall size of the DMFC system, presenting challenges in 
meeting certain form factor requirements. Furthermore, the materials selected for the 
packaging should not be reactive with the fuel solution or other reactants or byproducts in 

30 such a manner that the operation of the fuel cell could be compromised, or effectively 
halted. It would, however, be desirable if an enclosure for a fuel cell had properties that 
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were leakage-evident in that, upon the occurrence of a leak, a visual indication of this 
would be provided to the user. 

It has been known to provide a reformer-based system, using natural gas as the 
foel, having a fuel cell stack that is enclosed in a heat-shrinkable plastic membrane. The 

5 plastic membrane encloses the fuel stack in an essentially gas impermeable enclosure. 
The membrane is gas impermeable so that the natural gas used as the fuel does not escape 
the fuel cell. The membrane also isolates fuel cells from one another. This type of system 
is described in U.S. Patent No. 6,322,920 (Tomson). These systems, however, do not ad- 
dress the needs of fuel cell systems that utilize a liquid fuel 

10 There are also other known uses of certain plastic membrane enclosures for con- 

sumer products, including, but not limited to: medicine containers, food products, con- 
sumer products and other items where it is preferable to create a strong seal that is diffi- 
cult to rupture. 

There remains a need, however, for a mechanism and method for enclosing and 
15 securing a direct oxidation fuel cell system using a liquid fuel, in a such a manner that the 
enclosure itself does not add significant volume to the overall assembly, but instead 
serves to shrink the size of the overall fuel cell system (including packaging) by mini- 
mizing the amount of unused space within the packaging of the fuel cell system, while 
adequately sealing the fuel cell system to maintain the methanol or other liquid fuel in- 
20 side the cell. 

There remains a further need for a mechanism and method for enclosing a liquid 
fuel cell system to substantially resist leakage of the fuel solution out of the cell system, 
and to provide safety indications that fuel has leaked, or may leak from the cell system. 

It is thus an object of the present invention to provide a fuel cell system that is en- 
25 closed and sealed, with a light-weight material that does not add bulk to the system, and 
does not negatively react with methanol or other substances in the cell. It is a further ob- 
ject of the invention to provide an enclosure with a material that enhances the safety fea- 
tures of the cell, by providing an indication, such as color change, if there is a fuel leak- 
age, or a crack in the seal. 

30 
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SUMMARY OF THE INVENTION 

The disadvantage of prior techniques have been overcome by the present inven- 
tion in which a direct oxidation fuel cell system is sealed with an enclosure comprising 
one or more layers of material such as a plastic that conforms directly to the shape of the 
fuel cell system, and in many instances actually serves to shrink the size of the overall 
system. The enclosure is substantially comprised of a material that is non-reactive with 
the fuel substance used in the fuel cell. In accordance with one aspect of the invention, 
the material is a heat-sensitive, shrink wrap material that provides a good sealant to sub- 
stantially prevent fuel such as methanol from escaping from the system. Yet, the enclo- 
sure is lightweight, substantially impermeable to fluids in the cell, and conforms substan- 
tially to the exterior body of the fuel cell system so that it adds little or no bulk to the fuel 
cell system. The enclosure also prevents water from leaking out of the system. 

In accordance with another aspect of the invention, at least one of the materials 
selected for the enclosure is such that the enclosure acts as an air filter to resist environ- 
mental contaminants from entering the fuel cell system. In addition, the material selected 
is preferably gas permeable, liquid impermeable, so that carbon dioxide, a product of the 
anode reaction, can be released from the fuel cell system, or a part of the system and 
oxygen, a cathodic reactant, can be introduced into the cathode aspect of the fuel cell if 
desired, while still limiting or preventing the escape of any of the fluids within the enclo- 
sure and preventing liquids from the ambient environment from entering the fuel cell 
system. 

Safety features may be added to the enclosed system in that the material com- 
prising the enclosure can have properties that allow it to change color when coming in 
contact with methanol to provide a leakage-evident system. Further, the material, in 
some circumstances may be one that would cause the overall system to shut down and 
cease providing power to the device should a leak or water contamination occur. 

Mechanical advantages are also provided by the enclosure of the present inven- 
tion in that the enclosure can aid in aligning the various components of the fuel cell sys- 
tem. In addition, the enclosure material may be used to generate or maintain compression 
of the DMFC, or fasten the DMFC system to the device, which it is powering, minimiz- 
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ing the number of fasteners needed to establish adequate connection and adherence of the 
DMFC system to the device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention description below refers to the accompanying drawings, of which: 

Fig. 1 is a block diagram of a direct methanol fuel cell system that has been en- 
closed in accordance with the present invention; 

Fig. 2A is an isometric illustration of a fuel cell system enclosed in accordance 
with the present invention, also illustrating the leak-evident mechanism and a vent in one 
face of the enclosures in accordance with the invention; 

Fig. 2B is the device of Fig. 2A but illustrating that the enclosure may be com- 
prised of several layers; and 

Fig. 3 is an isometric illustration of the direct oxidation power supply unit at- 
tached to the electronic device that it powers in accordance with the present invention. 

DETAILED DESCRIPTION OF AN ILLUSTRATIVE 

EMBODIMENT 

The present invention is an enclosed fuel cell system. The fuel used in the system 
may be any liquid carbonaceous fuel including, but not limited to, methanol, ethanol, and 
combinations or aqueous solutions thereof. For purposes of illustration, we herein de- 
scribe an illustrative embodiment of the invention as it is employed in connection with a 
direct methanol fuel cell system ("DMFC"), with the fuel substance being methanol or an 
aqueous methanol solution. It should be understood, however, that it is within the scope 
of the present invention that the enclosed fuel cell system can be readily used with other 
fuels. Thus, as used herein, the word "fuel" shall include methanol, ethanol, or combina- 
tions or aqueous solutions thereof, and aqueous solutions thereof and other liquid carbo- 
naceous fuels amenable to use in a direct oxidation fuel cell system. 

For a better understanding of the invention, a direct methanol fuel cell system 
with which the invention could be employed will be briefly described. This description is 
for background only, and those skilled in the art will understand that there are many 
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variations of fuel cells that use different architectures, and components, or components 
that have multiple functionality. The present invention is not limited to the fuel cell sys- 
tem illustrated in Fig.l, but instead it has many applications, particularly with fuel cell 
systems being used in applications that involve strict form factors, due to the volume 
savings afforded by the present invention, as discussed herein. 

Briefly, Fig. 1 illustrates an enclosed direct methanol fuel system 2. The enclosed 
system 2 includes a DMFC 3. The DMFC 3 has a fuel delivery source 4. The fuel deliv- 
ery source 4 may be external to the system, and be used to refill the enclosed system, as 
discussed herein with respect to Fig. 2. Alternatively, the system 2 may be entirely self- 
contained, and may be shipped with a fuel supply within the enclosed system 2, which 
case there would not be a separate component from which fuel is delivered. 

There may be a number of components within the enclosed system 2. For exam- 
ple, the DMFC 3 includes a housing 5 that encloses a membrane electrode assembly 6 
(MEA). MEA 6 incorporates protonically conductive, electronically non-conductive 
membrane 7 (PCM). PCM 7 has an anode face 8 and cathode face 10, each of which may 
be coated with a catalyst, including but not limited to platinum or a platinum/ruthenium 
alloy. The portion of DMFC 3 defined by the housing 5 and the anode face of the PCM 
is referred to herein as the anode chamber 18. The portion of DMFC 3 defined by the 
housing 5 and the cathode face of the PCM is referred to herein as the cathode chamber 
20. Additional elements of the direct methanol fuel cell system such as flow field plates, 
and diffusion layers (not shown in Figure 1) to manage reactants and byproducts may be 
included within anode chamber 18 and cathode chamber 20. 

By way of background, briefly, methanol or a solution of methanol and water are 
introduced into the anode chamber 18 of the DMFC 3, or into a fuel reservoir or cartridge 
internal to the enclosed system, from which the fuel solution will be delivered to the an- 
ode chamber 18. As will be understood by those skilled in the art, electricity-generating 
reactions occur when a fuel substance is introduced to the anode face 8 of the PCM, and 
oxygen, typically in the form of ambient air, is introduced to the cathode face 10 of the 
PCM in the presence of a catalyst. Components may be includes to actively transport the 
appropriate concentration of methanol solution to the anode chamber 18, such as the me- 
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tering valve 22 and an optional pump 24 to assist in the transport of the fuel to the anode 
chamber 18. Other systems may rely on "passive" delivery of fuel, such as a pressurized 
cartridge or gravity dependent system, to the anode chamber and each type of system is 
within the scope of the present inventions. 

The fuel mixture passes through channels in associated flow field plates, and/or 
a diffusion layers (not shown), and is ultimately presented to the PCM. Catalysts on the 
membrane surface (or which are otherwise present in the anode chamber) oxidize the 
carbonaceous fuel on the catalyzed anode face 8 of the PCM, separating hydrogen pro- 
tons and electrons from the fuel and water molecules of the fuel mixture. Upon the clos- 
ing of a circuit, the protons pass through PCM 7, which is impermeable to the electrons. 
The electrons thus seek a different path to reunite with the protons, and travel through a 
load 21 of an external circuit, thus providing electrical power to the load. So long as the 
reactions continue, a current is maintained through the external circuit. Direct oxidation 
fuel cells produce water (H 2 O) and carbon dioxide (CO 2 ) which is separated out by gas 
separator 30, and the un-reacted methanol and water are recirculated to the pump 24. The 
cathode effluent is sent to gas separator 32 and water is recirculated to the pump 24, if 
desired in a particular application. Those skilled in the art will recognize that the en- 
closed fuel system assembly of the present invention may also include systems with dif- 
ferent architectures. 

In accordance with the present invention, the DMFC system 2, illustrated in Fig. 
1, is covered by an enclosure 40 that encapsulates substantially the entire system. The 
enclosure 40 is preferably comprised of a material that is non-reactive with methanol or 
other fuel substance used in the fuel cell, so that it does not impede the electricity pro- 
ducing reactions that occur within the cell 3. 

As illustrated in further detail in Fig. 2A, the enclosed fuel cell system 2 has a 
covering enclosure 40 that generally conforms to the outer surface of the fuel cell system 
components. In accordance with the method of the present invention, the fuel cell system 
is covered with an enclosure that is substantially comprised of one or more layers of a 
material that is a robust plastic film that is shrunk (as by heating in the case of a heat sen- 
sitive material), such as a shrink-wrap, or other similar material, so that it tightly fits the 
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fuel cell system components. The resulting enclosure is lightweight and conforms sub- 
stantially to the exterior body of the fuel cell system so that it adds little or no bulk to the 
fuel cell system. The material may be selected from the group consisting of Teflon, PVC, 
and polyolefins, although other materials may also be employed while remaining within 
the scope of the present invention. 

As is shown in Fig. 1, carbon dioxide is produced in the reaction, and needs to be 
either released from the system, or recirculated within the system. Accordingly, it is pre- 
ferred, in accordance with some embodiments of the invention depending upon the par- 
ticular application with which it is to be used that at least a portion of the enclosure mate- 
rial should be gas permeable. It may further be preferable to implement an enclosure that 
is selectively permeable to carbon dioxide so that carbon dioxide can escape, without 
permitting oxygen to undesirably enter the anode which would have a negative effect on 
cell performance. At the same time, at least one material for the enclosure also prefera- 
bly provides air filtration to protect the fuel cell system against airborne contaminants, 
such as dust, from undesirably entering the system 2. The material, however, should be 
liquid impermeable to provide fuel leak resistance, and to prevent fluids from the ambient 
environment from entering the fuel cell system. While not limiting to the invention, such 
materials may include a polymer with "shrink wrap" characteristics that is microperfo- 
rated, expanded, or laser ablated such that such perforations allow gasses to diffuse be- 
tween the interior of the fuel cell system and the ambient environment, but prevent sub- 
stantially all solid particulate matter, as well as liquids, from entering the fuel cell system. 

Physically, the tightly fitted enclosure provides a space savings advantage when 
compared to prior plastic packing techniques which could represent up to between 15 to 
30% of the overall volume of the system packaged using other packaging techniques 
known to those skilled in the art. The enclosure of the present invention removes dead 
air space encountered with heavy plastics used in prior packaging techniques. Moreover, 
the enclosure technique of the present invention has the further advantage of aligning the 
fuel cell components and compressing the components of the fuel cell and/or the fuel cell 
system, so that the overall enclosed system has a smaller volume than it would without 
having been enclosed. The space savings provided by the enclosure of the present inven- 
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tion can be instead used for additional fuel or additional fuel cell components to provide a 
higher voltage or greater power output. Said material or materials may also be selected to 
retain heat within the cell, and as such, may allow the cell to provide a greater power out- 
put when run at warmer temperatures. The thermally insulative properties may further 
5 prevent any heat generated within the fuel cell system from escaping and raising the tem- 
perature outside of the system, thus preventing adverse affects upon the component or 
application to which electricity is being provided. 

As illustrated in Fig. 2A, the material selected for the enclosure 40 can have 
color-changing properties that cause the material to change color when exposed to 
10 methanol, other fuel substance or other liquids. This provides a visual indication 44, that 
there has been a methanol leak within the fuel cell system that could present a safety con- 
% cern. 

'few? 

m 

ill As noted, at least one material selected for the enclosure 40 is preferably gas per- 

Us 

% meable, but there may still be circumstances in which it is desirable to include a vent 46 


15 that allows oxygen to enter the cathode chamber 20 of the cell, or to vent carbon dioxide 

\g out of the anode chamber 18. Thus, there may be instances in which the enclosure 40 

.jf includes openings therein, such as the vent 46 illustrated in Fig. 2A, while remaining 

CI within the scope of the present invention. The vent 46 may also allow a predetermined 

m 

portion of the fuel cell 3 or another component in the system to be exposed to the ambient 
20 environment to provide an exposed face plate, for example, to provide for increased ac- 
cess to oxygen within the fuel cell system or to allow an aperture for a vent for anodically 
generated carbon dioxide to be released into the environment. Alternatively, the fuel cell 
system may be packaged in enclosure, and vents are created to allow sufficient reactants, 
such as oxygen and fuel, to enter into the system, or that the products of the reaction are 
25 allowed to escape from the system, if necessary. In addition, there may be a port 48 that 
can be engaged using a one way valve or other device through which fuel may be intro- 
duced into the anode chamber 18 (or a fuel reservoir in the system) using a tubing 50 
from an associated external fuel source when it is necessary or desirable to refill the fuel 
cell. Alternatively, an opening in the enclosure may provide for the insertion of a fuel 
30 cartridge, or disposable fuel source (not shown). 
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Furthermore, the enclosure 40 may have properties that allow energy generated by 
the system to be delivered to a power consuming application. More specifically, the 
plates 54, 56 illustrated in Fig. 2A engage a device, powered by the fuel cell, to deliver 
the electricity generated by the cell. 

Fig. 2B is the enclosed fuel cell system of Fig. 2A, with several layers of materi- 
als used for the enclosure of the system 2. The enclosure 40 in this embodiment may in- 
clude a first layer 52 of a first material that wraps the entire system 2. The first material 
may be gas permeable, for example, to allow carbon dioxide to escape from the anode 
chamber. A second layer 56, which is shown for purposes of illustration as pealed back, 
may be a different material than the first layer 52, or it may be the same material. The 
second layer 56 may be placed over substantially the entire system 2, or a portion of the 
system 2. The second layer 56 may be applied to only one portion or component of the 
system, or the cell, to further resist fuel or water leakage, for example. And further, the 
entire system 2 may be wrapped in two separate layers, and a gaseous or liquid substance 
may blanket any space, or plenum, between the two layers, to provide further protection 
and sealing. There are many alternative configurations for layering of enclosure materi- 
als that come within the scope of the present invention. 

Fig. 3 illustrates another embodiment of the invention in which a fuel cell sys- 
tem 60 is produced or shipped with an electronic device 64 for which it will provide 
power. In accordance with the invention, the fuel cell system 60 is attached to the device 
64 using an enclosure 66, and several suitable fasteners 68 through 74. As the fuel cell 
system 60 is preferably "shrink-wrapped" to the underlying device, fewer fasteners are 
needed which allow further cost and space savings. 

It should be understood that the enclosed fuel cell system of the present invention 
has many advantages including sealing and protecting a direct oxidation fuel cell system 
against leaks of fuel substances out of the system, as well as protecting the system against 
airborne contaminants from coming into the system. The color-changing properties of 
the enclosure material serve to provide evidence of leaks. The material can also be used 
to shut down the fuel cell in certain circumstances. Moreover, the tightly fitted enclosure 
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has several advantages over prior packaging techniques by aligning and compressing the 
overall system volume and eliminating dead air space from the packaged system. 

The foregoing description has been directed to specific embodiments of the in- 
vention. It will be apparent, however, that other variations and modifications may be 
made to the described embodiments, with the attainment of some or all of the advantages 
of such. Therefore, it is the object of the appended claims to cover all such variations and 
modifications as come within the true spirit and scope of the invention. 

What is claimed is: 
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